This is the first paper in a series of five on how to do good quality clinical research. It sets the scene for the four papers that follow. The aims of the series are to: promote reliable clinical research to inform clinical practice; help people new to research to get started (at any stage of their career); create teaching resources for experienced researchers; and help clinicians working in resource-poor settings to conduct research. We set out in this paper the skills clinicians need to run research projects that are relevant to their clinical practice. We focus on how to get the right training in research methodology, choose and refine a good research question, and then how to ensure the methods and data analysis plan are correct for the question being asked.
Background
Medical training equips one to provide care, but not to do research. Clinical research-research with patients-is not easy. Researchers who fail to appreciate the principles of bias, confounding, reverse causality, and random error produce unreliable results. Unreliable research cannot be used to improve health care and so is wasteful and unethical. 1 This is the first in a series of five articles on how to do good quality clinical research. This series aims to: promote good research that gives reliable answers to clinical questions; help people who are new to research to get started (at any stage of their career); and provide teaching materials for experienced researchers. We hope that this series will identify the pitfalls in the design, conduct, and analysis of bedside clinical research that can so easily diminish the quality of-and the likelihood of benefit to future patients-your work.
This first article focusses on training, selecting the research question, choosing an appropriate study design, and the planning and organization of your research. The subsequent articles are:
. ''The Design and implementation of observational studies to measure disease burden with a focus on stroke'' by George Howard and Virginia Howard. . ''How to do a systematic review'' by Alex Pollock and Eivind Berge. Our own research has mostly been undertaken in wellresourced health-care systems, but we have also worked with teams with limited resources. A later article in the series will deal specifically with hints and tips for clinicians working in resource-poor settings where more research is needed, but can be especially challenging. 2 Our hints and tips in this paper are drawn from our own recent work largely in acute stroke studies, though we do cite work in other areas of stroke; later articles in the series will offer experience from other research fields.
The importance of training in basic epidemiology and statistics
Why is such training important for clinical research? PS's first research project (in 1981) was to set up a community-based stroke incidence study in Oxfordshire; he rapidly realized that his training in clinical medicine had not equipped him to do good quality clinical research. However, PS's one-week course in Epidemiology opened his eyes to the sources of bias 3 and the surprising effects of random error in clinical research, and motivated him to fill the gaps in his methodological knowledge.
Knowledge of statistical analysis packages is not enough; if data are biased, even detailed analysis is of no value; ''garbage in, garbage out.'' An understanding of epidemiology is needed to design high-quality studies that generate reliable results. 4 However, many neurology and stroke trainees have little time for research training, with heavy clinical schedules and busy clinical professional training programs. A recent international survey showed great variation in the training of stroke physicians; the report concluded: ''(while) most countries have a scientific society to pursue advancement of stroke medicine, few have stroke curricula.'' 5 The report did not cover the requirements in each country for training in clinical research methods, but this probably varies between countries, and is non-existent in many. There is a strong case to include training in research methods in training programs. 6, 7 How to get trained How should you be trained to be a clinical epidemiologist? In the past, the path to training was clearly marked-if you got a Master's degree in epidemiology you would get all the skills needed to begin a patientbased research career. At the best universities, these degree courses are excellent, but they are expensive in fees, time, and lost pay while going back to studentship. The advantage is face-to-face time with other students and faculty which will shape your thinking and give contacts for the rest of your career.
Although the fundamental principles of a good epidemiological study have not changed, the options for training and potential tools for the clinical researcher have multiplied. There are many online courses, some free, some at a cost. Therefore, if you are happy to gain knowledge rather than letters after your name, you can develop your own bespoke training for free (or at lesser cost) to fit around your other commitments. You could pick courses in the general skills of clinical epidemiology, statistics, modeling, and data visualization and then choose courses in your specialist interests: trials, imaging, genetics, qualitative research, pharmacology, etc. (Tables 1 and 2 ). As soon as an article like this recommends an online resource, they seem to go out of date, but in early 2017, www.edx.org is great resource. If you choose a self-directed route, make sure you carefully timetable your learning, and try to find a mentor who you can meet to help you address particular questions and guide your choices.
You could support your learning with textbooks. We found these introductory textbooks helpful:
. ''Epidemiology for the Uninitiated'' by Coggon et al. 8 (a short version of the first edition 
Select and refine a good question
Deciding what research to do is the hardest part! Topics for research are identified in many different ways, and a detailed description of how best to choose a good question, refine it, and turn it into a study design that will ensure the question is answered reliably is beyond the scope of this short article, but we set out here some key principles (see also Table 3 ).
(a) Select a good question. Make sure your question is clear and important to you and your colleagues. Think about the most important question that you have the skills to address. The question will need to motivate you. Think of a question that is answerable and reasonably focused (e.g. better ways to put in an NG tube) rather than nebulous though laudable (e.g. ''find a new treatment for acute ischemic stroke''). (b) Consult widely to identify high priority questions.
Medical colleagues can help identify ''live'' questions that are important to their daily practice.
Patients can help to prioritize the questions that are most important to them, for example the ''top ten priorities for life after stroke.'' 11 The World Stroke Organization has also identified priority topics for stroke research. 12 The research summaries of Cochrane and other systematic reviews often identify important questions. (c) Mentorship and guidance from an experienced researcher throughout your research career is invaluable. This may be a senior colleague in your own institution or someone from another institution who can support you. The burden of negotiating the many research regulations and getting all the approvals required to do your study is much easier with the help of an expert (or a colleague who has done it before).
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(d) Ensure your question has not been answered already. One needs to be sure that the question has not already been reliably answered; a look at the Database of Research in Stroke (DORIS www. askdoris.org), the Cochrane database of systematic reviews, and PubMed will help you to determine that. Failing to do so can lead to a huge waste of resources. 1, 14 For example, investigators of aprotinin (a drug to reduce bleeding in cardiac surgery) did not adequately cite previous research, so a large number of trials needlessly replicated research that had already reliably answered the question.
design your own study to avoid those mistakes. Many grant-giving bodies will not fund new research on a topic if the applicant has not done or cannot quote a relevant up-to-date review. (f) Choose the right study design. Once you have an idea of your question, think about the most appropriate study design. The choice of design will depend on the question, the resources available (time and money), and methodological support available ( Table 4) . Both of us began our research careers with observational studies, in which we acquired practical skills in questionnaire design, data collection, and analysis. Three articles in the series cover the key problems to deal with in three common research designs: systematic reviews, observational studies, and health services research (audit, registers and quality improvement programs). Designing and running randomized trials is a topic that is vast and beyond the scope of this ''getting started in research'' series and is not covered. The final article in the series deals with doing research efficiently and doing it in resource-limited settings.
(g) Design your study to ensure it answers the question reliably. This is where methodological input from epidemiologists, statisticians, and others is important. Don't think that because you have a good statistics package installed on your computer, that you don't need advice from a statistician! Statistics packages, however good, cannot rescue a bad study. So, if possible, discuss your research question, the parameters of your hypothesis, your idea of the best research design (and sample size), the data items you plan to collect, and the plan for analysis with a statistician or methodologist before you start to collect data. This will help you to focus on the essential, avoid collecting too much data, and ensure that when you perform the analyses, the results are interpretable. This is true whatever kind of research you do. (h) Consult widely to get comments on your research design. Input from consumers (patients and lay people) helps to: define key aspects of how to seek informed consent and was very helpful in the Third International Stroke Trial (IST-3) 16 and the SOS trial of Oxygen supplementation. Refine: Ensure the question is important because it meets many of these criteria: a) The associated burden of disease is large (either across the population or for individuals) The problem is common It causes much death/ disability /misery It is very costly for the health system/the individual b) Other people agree it is an important question
The public/ patient advocates/charities Politicians (''something's got to be done'') Because it is tractable Health professionals It is a priority topic for research funding or other bodies c) The research findings can have an impact on patient care/ disease burden They will apply to many people with the condition They will be easy to apply (feasible, practical) Application will be affordable in routine practice Making sure the study answers the question (a) Consider piloting to examine acceptability, feasibility, and to hone the study protocol. Our pilot studies have taught us both how important it is to keep things simple and to collect only essential data (remember there are a very large number of freezers full of unanalyzed blood samples for ''biomarkers'' that just might be useful someday but never get analyzed). Before moving to a larger definitive study, small-scale pilots are really helpful to assess the feasibility of recruitment, study procedures, cost, and design. 19 (b) Plan and actively manage your research. (Table 5) Before you start; set aside a regular ''time slot'' in your weekly program for planning and project management. It is very important to do this so you can give adequate attention to planning and managing your research (not easy in a busy clinical job, but important), reviewing study progress and problem-solving with the colleagues who are helping run the project. So, it is helpful to be familiar with the basic concepts of project planning and management. Much of it is common sense, but a quick internet search for ''project management'' will give you an idea of what to think about, so think of everything you need to do to complete the project and then put the activities required into a logical sequence (a Gantt chart is helpful graphical way to set this out). In other words, set a plan for the end from the beginning. (c) Make sure you meet your recruitment target.
Many studies do not recruit their target sample size, such under-powered studies are often uninformative (and hence wasteful). The effort put into streamlining and simplifying the study and its various data collection and trial management processes will help to ensure you meet your recruitment target. Small-scale feasibility studies that roll directly into larger-scale studies without interruption of recruitment are very helpful to maintain study momentum in randomized trials, 18, 20, 21 but can be equally useful in non-randomized study designs.
Analysis and reporting
(a) Transparency in research: Publish your methods before you report your results! It is very important that we are all as transparent as possible about all aspects of our research. Whatever field of research you study and whatever research design you employ, you should aim to be as clear as possible about your research methods. Nowadays that means publishing the details of your methods, and at the least publish the research protocol that has been approved by a relevant research ethics committee. The EQUATOR network provides extremely helpful guidelines on the reporting of study protocols, final reports, and other data for a wide variety of health research study designs in English, Spanish, and Portuguese (http://www. equator-network.org/). Thus, authors writing a Cochrane systematic review cannot begin data collection until the protocol has been accepted for publication.
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The International Journal of Stroke publishes selected high-quality protocols of stroke trials (e.g. ASPREE 23 ). The open access journal Trials (www.trialsjournal.com) publishes articles on general trial methodology as well as protocols, commentaries, and traditional results papers-regardless of outcome or significance of findings, including, reports of trial progress, and protocol changes. 24 In addition, it improves transparency to finalize and publish the statistical analysis plan before analyzing the data, e.g. the recent ATTEND trial. 25 In summary, following this guidance on transparency helps to improve the quality of research and facilitate the publication of the results. (b) Data management and study monitoring. If you have streamlined your data collection, that will ease the process of managing and cleaning up the data before analysis. If you are collecting a lot of data, you will need the help of an experienced data manager. If you have written a protocol and statistical analysis plan that includes the format of the tables and figures, you will present in your main publication that will inform the design of your data management system. In other words, make sure that the data management system can generate those tables and figures at the touch of a button as soon as your data collection is completed, the data are clean and ready for analysis (hint: speak to the programmer who designs your data management system at an early stage in the project to make sure this will work!). The data manager will be able to keep an eye on the quality of your accumulating data and give advance warning of problems (missing data, patients lost to ures that you will use to present the results in your main publication Record and store the data in a format that will allow you easily to generate these tables and figures Make sure your data are secure and regularly backed up (you will need to experience at least one episode of major data loss to realize how important this is). Writing the paper-keep it short and simple and make the messages clear
What was known before this study What this study adds Implications for clinical practice and for future research Adhere to the reporting guidelines specific to your study design
